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Introduction

Lung cancer is the leading cause of cancer death in both men and 
women.1 The majority (80–90%) of lung cancer cases are due to 
cigarette smoking. Tobacco use is involved in the development of 
human cancers by inducing DNA methylation changes.2-5

Epigenetic changes such as hypermethylation of tumor sup-
pressor genes (TSGs) are implicated in malignant transforma-
tion.6 DNA hypermethylation refers to the addition of a new 
methyl group to the cytosine ring of those cytosines that pre-
cede a guanosine (called CpG dinucleotides) to form methyl-
cytosine (5-methyl-cytosine). CpG dinucleotides are found 
at increased frequency in the promoter region of many genes. 
Hypermethylation of CpG islands of tumor suppressors leads to 
loss of gene expression.7 These epigenetic changes are early events 
in tumorigenesis and have been found in precursor lesions of the 
lung,8 thyroid9 and colon.10

In 2000, Alahari et al. discovered a novel protein, Nischarin, 
which inhibits cell migration.11 Nischarin reverses the effects 
of the Rac oncogene on lamellipodia formation. Further 

We have previously identified a putative tumor suppressor gene, NISCH, whose promoter is methylated in lung tumor 
tissue as well as in plasma obtained from lung cancer patients. NISCH was observed to be more frequently methylated in 
smoker lung cancer patients than in non-smoker lung cancer patients. here, we investigated the effect of tobacco smoke 
exposure on methylation of the NISCH gene. We tested methylation of NISCH after oral keratinocytes were exposed to 
mainstream and side stream cigarette smoke extract in culture. Methylation of the promoter region of the NISCH gene was 
also evaluated in plasma obtained from lifetime non-smokers and light smokers (< 20 pack/year), with and without lung 
tumors, and heavy smokers (20+ pack/year) without disease. promoter methylation of NISCH was tested by quantitative 
fluorogenic real-time pcR in all samples. promoter methylation of NISCH occurred after exposure to mainstream tobacco 
smoke as well as to side stream tobacco smoke in normal oral keratinocyte cell lines. NISCH methylation was also detected 
in 68% of high-risk, heavy smokers without detectable tumors. Interestingly, in light smokers, NISCH methylation was 
present in 69% of patients with lung cancer and absent in those without disease. Our pilot study indicates that tobacco 
smoke induces methylation changes in the NISCH gene promoter before any detectable cancer. Methylation of the NISCH 
gene was also found in lung cancer patients’ plasma samples. After confirming these findings in longitudinally collected 
plasma samples from high-risk populations (such as heavy smokers), examining patients for hypermethylation of the 
NISCH gene may aid in identifying those who should undergo additional screening for lung cancer.

Cigarette smoke induces methylation of the 
tumor suppressor gene NISCH

Kimberly Laskie Ostrow,1 christina Michalidi,1 Rafael Guerrero-preston,1 Mohammad O. hoque,1 Alissa Greenberg,2  
William Rom2 and David sidransky1,*

1Department of Otolaryngology; head and Neck cancer Research Division; Johns hopkins school of Medicine; Baltimore, MD UsA; 2Department of Medicine;  
New York University; New York, NY UsA

Keywords: lung cancer, Nisch, methylation, smoking, tobacco

Abbreviations: QMSP, quantitative methylation specific PCR; MSE, mainstream smoke; SSE, side stream smoke;  
HOK, human oral keratinocytes; NS, non-smoker; LNS, lifetime non-smoker; PY, pack/year

investigation of Nischarin by Alarhai in 2003 demonstrated 
that Nischarin impairs Rac-induced cell migration and inva-
sion in breast and colon carcinomas.12 Nischarin was also found 
to inhibit Rac-1 stimulated transformation of NIH3T3 cells.13 
Tumor suppressive activity of NISCH (the gene that codes for 
Nischarin) is described by Baranwal et al. 2011.14 The authors 
showed that normal human breast tissue had higher expres-
sion of Nischarin mRNA than tumor tissue. They also demon-
strated that overexpression of NISCH in the breast cancer cell 
line MDA-MB-231 reduced tumor growth and metastasis.14 The 
NISCH gene is located on chromosome 3p21, an area known 
to be lost in lung cancers. Together, these data suggest that 
Nischarin acts as a tumor suppressor. We have found the NISCH 
gene to be hypermethylated and inactivated in lung cancer tis-
sue15 as well as in circulating DNA in the plasma of 86% of lung 
cancer patients (with and without smoking history),16 suggest-
ing that NISCH hypermethylation could serve as a tumor marker 
for the early detection/screening of lung cancer. One observation 
made in our plasma study16 was that methylation of the NISCH 
gene was also found in plasma DNA in 66% of controls before 
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up of lifetime non-smokers, light smokers (< 20 pack/year),  
20–35 pack/year smokers, and 35+ pack/year smokers (Table 1).  
The smokers were either current smokers or former smokers. 
Promoter methylation of NISCH was not seen in lifetime non-
smokers or light smokers (0/20) (Fig. 2). A significant difference 
in methylation was seen in healthy individuals who smoked over 
20 pack/year (p < 0.0001) (Fig. 2). Methylation of NISCH was 
detected in 65% (24/37) of 20–35 pack/year smokers and 71% 
(34/38) of those who smoked more than 35 pack/year (Fig. 2). 
Methylation differences were not seen between the groups that 
smoke above 20 pack/year (p = 0.64) (Fig. 2). Promoter hyper-
methylation of NISCH was detected in current as well as in for-
mer smokers (Table 2). However, no significant differences in 
NISCH methylation were observed among former and current 
smokers (Table 3). These findings suggested that NISCH pro-
moter methylation is an indicator of tobacco smoke exposure.

We also examined methylation of NISCH in the free circulat-
ing plasma DNA of lifetime non-smokers or light smokers diag-
nosed with lung cancer. Methylation of NISCH in the plasma 
DNA was seen in 69% (9/13) of lung cancer patients with a light 
smoking history, yet completely absent in non-smoking controls 
(p < 0.0001) (Fig. 3). Thus, NISCH promoter methylation is 
absent in non-smokers and light smokers without disease, but 
present in heavier smokers and those with lung cancer, even if the 
latter were lighter smokers. Consistent with our previous report,16 
these findings demonstrated that NISCH promoter methylation 
could be a marker of presence of disease, although additional 
studies are needed to confirm this observation.

Discussion

Identifying those patients at increased risk for lung cancer is 
important in developing effective early detection strategies. While 
low-dose CT scanning is a promising screening test for detect-
ing lung cancer, the scans cannot distinguish between benign 
nodules and cancerous tumors.17 Early detection screening would 
be enhanced by combining CT scan with accurate biomarker 
tests, thus determining which patients with nodules are likely to 
actually harbor cancer.17 Our current works describes a tumor 
suppressor gene, NISCH, which is methylated in cells directly 
exposed to CSE, in patients with lung cancer, and in patients 
who are at high risk (20+ pack/year—current and former smok-
ers) for the development of this disease. Therefore, NISCH pro-
moter methylation appears to be a marker of prolonged cigarette 
exposure and displays an interesting “cliff pattern” in the plasma, 
present only after approximately 20+ pack/year of smoking. 
What needs to be determined is whether detection of NISCH 
methylation in plasma DNA can help “rule in” patients with nod-
ules for more invasive diagnostic biopsies of a screened nodule. In 
our previous study,16 NISCH methylation was detected in 86% of 
high-risk 20+ pack/year smokers with cancer as well as in 68% 
of high-risk smokers without disease (p = 0.03) detected by CT 
scan. Follow up on these high-risk patients without disease but 
with methylated NISCH will elucidate the usefulness of NISCH 
as an early biomarker of disease. Alternatively, NISCH methyla-
tion may play a “rule out” role for patients with nodules because 

a statistical cutoff was made. This control group was primarily 
made up of high-risk, heavy smokers (20+ pack/year). This inter-
esting observation prompted us to determine whether there is any 
relationship between exposures of cigarette smoke extract (CSE) 
and NISCH promoter methylation.

In this study we aimed to determine whether NISCH methyla-
tion is related to cigarette smoke exposure. To this end, we tested 
methylation of NISCH after oral keratinocytes were exposed to 
mainstream and side stream CSE in culture. The effect of main-
stream smoke (MSE) or smoke inhaled directly by the smokers was 
tested and compared with side stream smoke (SSE), smoke from 
the burning end of the cigarette. To determine human relevance, 
we also examined NISCH methylation in plasma from a cohort of 
lifetime non-smokers and light smokers (< 20 pack/year), with and 
without lung tumors, and heavy smokers without disease.

Results

To determine whether cigarette smoking has a direct effect on 
methylation of the NISCH gene promoter, we treated normal 
human oral keratinocytes (HOK) with CSE. Cells were treated 
at passage 3 and with 0.1% MSE and 0.1% SSE in separate flasks. 
After one week of treatment (round 1), cells were passaged and 
DNA was extracted for quantitative methylation-specific PCR 
(QMSP). No morphological changes were noticeable. Cells at 
passage 4 then underwent a second round (round 2) of treat-
ment with 0.1% MSE and 0.1% SSE. After the second round, the 
cells were again harvested and DNA was extracted for QMSP. All 
treated cells were found to harbor promoter methylation of the 
NISCH gene, while untreated cells were unmethylated (Fig. 1). 
As expected, quantitative methylation values were higher in MSE 
than SSE. We also noticed that methylation already occurred 
during round 1 of treatment with no further increase in meth-
ylation after the second round. These results suggest that meth-
ylation of the NISCH promoter is directly induced by cigarette 
smoke.

To determine the effect of smoking in human subjects, hyper-
methylation of the NISCH gene was analyzed by QMSP in 
the plasma DNA of healthy controls. The controls were made 

Figure 1. Bar graph of quantitative fluorogenic real-time pcR analysis of 
the NISCH gene promoter. Normal human oral keratinocytes (hOK) cells 
were treated with 0.1% side stream smoke extract (ssE) and 0.1% main-
stream smoke extract (MsE). cells exposed to smoke showed hyper-
methylation of the NISCH gene promoter while untreated cells did not.
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methylation. Several epidemiological studies have suggested that 
exposure to SHS in childhood increases the risk of lung cancer in 
adulthood.24-27 A study by Asomaning et al. (2008) demonstrated 
an increased risk for lung cancer in people who were exposed to 
SHS before age 25.24 Data from a 2009 NCI-MD lung cancer 

it can accurately identify those patients with much less cumu-
lative cigarette exposure as a biologic “dosimeter” of exposure. 
Therefore, those with a negative NISCH methylation test may 
not need further screening. Again, before clinical use, this find-
ings need to be confirmed in a longitudinally follow up cohort.

NISCH hypermethylation is seen in healthy controls that are 
heavy smokers; hence, NISCH methylation alone is clearly not 
enough to induce the development of cancer. It is widely accepted 
that lung cancer development is a multistep process that involves 
genetic mutations and epigenetic modifications.18,19 Epigenetic 
alterations have been previously described in non-malignant tis-
sues and plasma of cancer-free individuals.5,20 Promoter methyla-
tion in these individuals may be a marker of disease, the result of 
exposure to a carcinogen, or both.20 We do not know how CSE or 
active smoking leads to methylation of the NISCH promoter and 
why this promoter is so susceptible to this methylation. It is pos-
sible that NISCH promoter methylation is simply a consequence 
of selection whereby cells that harbor this methylation survive 
the toxic effects of cigarette smoke carcinogens. If so, the percent-
age of cells at baseline with this methylation must be very low, 
because QMSP has a sensitivity of at least 1 in 1,000 alleles and 
did not identify NISCH methylation in untreated keratinocytes.

Tobacco smoke is the major contributor to the development 
of lung cancer. Smoking cessation has helped reduce the num-
ber of current smokers but almost 50% of all lung cancer cases 
occur in former smokers.19 Therefore, a major effort is focused on 
identifying high-risk former smokers. As all the smokers do not 
develop lung cancer, it is important to identify markers of early-
stage disease that predict the molecular risk factors for developing 
lung cancer. The NISCH gene remains methylated in the plasma 
DNA of former smokers even after quitting. Sixty two percent 
of former smokers (20+ pack/year) still showed methylation of 
the NISCH gene (Table 2), even though they were not found to 
harbor cancerous nodules. Because patients were grouped into 
pack/year categories we could not directly compare the exact 
level of NISCH methylation in plasma DNA with exact number 
of years of smoking. There could be an undefined quantitative 
relationship in the first years of smoking as patients reach and 
then pass 20 pack/year that could be useful in defining cancer 
risk. Prospective studies with serial sampling of plasma DNA are 
needed to further elucidate the role of NISCH methylation in 
early detection efforts.

We have shown that NISCH methylation is induced by main-
stream smoke and, to a lesser degree, in side stream smoke in 
cell culture. Exposure to second-hand smoke is associated with 
an increased risk of lung cancer among lifetime non-smokers.21 
Approximately 10% of all lung cancer cases occur in lifetime 
non-smokers.22 In this study, we detected NISCH methylation in 
69% of lifetime non-smokers and light smokers with lung cancer. 
We do not have information from these patients in regards to 
second-hand smoke (SHS) exposure. The development of a risk-
associated biomarker for lung cancer is especially important for 
those who were exposed to SHS but who are non-smokers them-
selves. Promoter methylation of TSGs was reported previously in 
SHS-exposed lung cancer patients.23 It would be interesting to 
test patients exposed to SHS for the presence of NISCH promoter 

Table 1. Demographics of samples tested

I. Controls

i. Lifetime non-smokers and < 20 pack/year smokers (n = 20)

Mean age (range) 52.8 (34–78)

Gender

Male 5

Female 15

Smoking history

Former 6

current 2

Non-smoker 12

ii. 20–35 pack/year smokers (n = 37)

Mean age (range) 50 (34–83)

Gender

Male 19

Female 18

Smoking History

Former 17

current 20

iii. 35+ pack/year smokers (n = 48)

Mean age (range) 58 (43–83)

Gender

Male 23

Female 25

Smoking history

Former 25

current 23

II. Cancer cases

Lifetime non-smokers and < 20 pack/year smokers (n = 13)

Mean age (range) 59 (31–85)

Gender

Male 7

Female 6

Smoking history

Former 7

current 3

Non-smoker 3

patients underwent chest cT scan and were divided into two groups 
based on cT findings. controls (n = 105) had no nodules identified on 
cT scan. cancer cases (n = 13) had confirmed solid cancerous tumors. 
The control group was further divided by pack/year smoking history: 
Lifetime non-smokers and < 20 pack/year smokers (n = 20), 20–35  
pack/year smokers (n = 38) and 35+ pack/year smokers (n = 47).
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exposed to SHS and who may be at increased risk for 
lung cancer.

Materials and Methods

Collection of samples. Individuals were selected 
from study populations recruited by the Specialized 
Program of Research Excellence in Lung Cancer at the 
University of Pittsburgh and the New York University 
(NYU) Lung Cancer Biomarker Center. Plasma was 
collected from individuals with no history of smoking 
or < 20 pack/year of smoking history (20 disease-free 
individuals and 13 individuals with histologically con-
firmed cases of primary lung cancer). Also plasma was 
collected from 85 disease-free individuals who were 
heavy smokers (> 20 pack/year smoking history). A 
complete smoking history was collected for each indi-
vidual.16 Those with a positive smoking history were 
current smokers, and ex-smokers (Table 1).

DNA extraction. Plasma DNA was extracted by 
digestion with 50 μg/mL proteinase K (Boehringer 
Mannheim) in the presence of 1% SDS at 48°C over-
night followed by phenol/chloroform extraction and 
ethanol precipitation.

Bisulfite treatment. DNA extracted from 1 mL 
of blood plasma was subjected to bisulfite treatment, 
using the EpiTect Bisulfite kit from Qiagen according 
to the manufacturer’s conditions, www.Qiagen.com. 

Bisulfite-treated DNA was eluted in 30 μL of elution buffer and 
stored at -80°C.

Methylation analysis by quantitative methylation specific 
PCR (QMSP). Bisulfite-modified DNA was used as template 
for fluorescence-based real-time PCR, as previously described.29 
Amplification reactions were performed in duplicate in a vol-
ume of 20 μL that contained 2 μL bisulfite modified DNA; 
600 nmol/L forward and reverse primers; 200 nmol/L probe; 
5 units of platinum Taq polymerase (Invitrogen); 200 μmol/L 
each of dATP, dCTP, and dGTP; 200 μmol/L dTTP; and  
5.5 mmol/L MgCl

2
. Primers and probes were designed to specifi-

cally amplify the promoter of the NISCH gene and the promoter 
of a reference gene, ACTB as described.15,16 Amplifications were 
performed using the following profile: one step at 95°C for 3 min, 
50 cycles at 95°C for 15 sec, and 58°C for 1 min. Amplification 
reactions were performed in 384-well plates in a 7900 Sequence 
detector (Perkin-Elmer Applied Biosystems) and were analyzed 
by SDS 2.2.1 Sequence Detector System (Applied Biosystems). 
Each plate included patient or cell line DNA samples, positive 
(in vitro methylated leukocyte DNA) and negative (normal leu-
kocyte DNA or DNA from a known unmethylated cell line) con-
trols, and multiple water blanks. In vitro methylated leukocyte 
DNA was purchased from Zymo laboratories, and serial dilutions 
(90–0.009 ng) of this DNA were used to construct a calibra-
tion curve for each plate. All samples were within the assay’s 
range of sensitivity and reproducibility based on amplification 
of internal reference standard (CT value for ACTB of 40 or 
less). The relative level of methylated DNA for each gene in each 

study demonstrated that childhood SHS exposure correlates with 
increased risk for lung cancer in adults who were lifetime non-
smokers.26 In lifetime non-smokers who were exposed to SHS, 
diagnosis of lung cancer occurred 15 y earlier than in those not 
exposed.26 Although legislation is decreasing SHS in public areas, 
many smokers still smoke in the home and around their chil-
dren.28 NISCH may be useful as a marker of those who have been 

Figure 2. scatter plot of quantitative fluorogenic real-time pcR analysis of the 
NISCH gene promoter in the plasma DNA of the control group. hypermethylation 
was detected in controls who smoked 20+ pack/year. LNs, life time non-smokers; 
py, pack/year.

Table 2. Methylation of NISCH was seen in plasma from controls in both 
former smokers and current smokers who smoked 20+ pack/year

Controls Former Current

20–35 py 11/17 (64%) 13/20 (65%)

35+ py 15/25 (60%) 19/23 (83%)

Combined (20+ py) 26/42 (62%) 32/43 (75%)

py, pack/year.

Table 3. statistical associations for methylation of NISCH in controls and 
cancer cases

p values

pack/year in  
controls

Controls Cancer (LNS 
and < 20 py)(LNS and < 20 py) 35+ py

LNs and < 20 py - < 0.0001 < 0.0001

≥ 20–35 py < 0.0001 0.64 -

combined (20+ py) < 0.0001 - -

LNs, lifetime non-smokers; py, pack/year.
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sample was determined as a ratio of methylation-specific 
PCR-amplified gene to ACTB (reference gene) and then 
multiplied by 1,000 for easier tabulation (average value of 
duplicates of gene of interest/average value of duplicates of 
ACTB × 1,000).

Cell culture. Normal Human Oral Kerationcytes 
(HOK) were purchased from Sciencell Research 
Laboratories and grown in keratinocytes medium with 
supplements as specified by the supplier.

Preparation of cigarette smoke extract. Mainstream 
(MSE) and side stream smoke extracts (SSE) were made 
from research-grade cigarettes (2R4F, from Tobacco 
Health Research, University of Kentucky, contains nico-
tine: 0.85 mg/cigarette and tar: 9.70 mg/cigarette). Side 
stream smoke was collected from the burning end of the 
cigarettes without puffing at a rate of 200 ml/min and 
mainstream smoke with 35 ml/min puff per 2 sec from 
the opposite end using two smoking machines (MasterFlex 
Pump Systems, Cole-Parmer Instrument) as described.30 
Briefly, the smoke of 20 cigarettes for MSE and 40 ciga-
rettes for SSE was bubbled into each flask containing  
20 ml of pre-warmed PBS. The aqueous smoke extract was 
filtered through 0.22-lm pore syringe filter to remove large 
particles. The smoke bubbled into MSE flask was acidic 
(yellow in color) and that into SSE flask basic (pink), so 
the pH of each solution was adjusted to 7.4. The solution was 
aliquoted and kept frozen at -80°C until use.

Treatment of HOK cells with CSE. Cells at passage 3 
were treated with CSE as follows. Passage 3 cells were divided 
into 3 T-25 flasks. These flasks were treated with 0.1% MSE,  
0.1% SSE, and one was untreated as a control. Cells were treated 
every other day until confluent (~8 d). The flasks were then pas-
saged and DNA was extracted (Round 1). Cells at passage 4 con-
tinued treatment until confluent (Round 2). The cells were then 
harvested and DNA was extracted for QMSP analysis.

Statistical analysis. Statistical analysis of the clinical and 
biological characteristics of study subjects was performed using 
Fisher’s exact test. p < 0.05 was considered to be statistically 
significant.

Disclosure of Potential Conflicts of Interest

Early Detection Research Network (EDRN) grant 
U01-CA084986 from the National Cancer Institute (NCI), 

Figure 3. scatter plot of quantitative fluorogenic real-time pcR analysis of 
the NISCH gene promoter in plasma DNA from lifetime non-smokers and light 
smokers: control group vs. cancer cases. LNs, life time non-smokers; py, pack/
year.
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